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ABSTRACT 

Survival  of sockeye salmon (Oncorhynchus nerka) eggs incubated i n  water 
t r e a t e d  with ozone o r  u l t r a v i o l e t  i r r a d i a t i o n  (UV) was compared. 
In fec t ion  of sockeye salmon eggs and r e s u l t a n t  f r y  with in fec t ious  
hematopoietic necros is  (IHN) v i rus  can r e s u l t  i n  major m o r t a l i t i e s .  
Pretreatment of incubation water t o  i n a c t i v a t e  the  v i rus  may prevent 
i n f e c t i o n  by waterborne v i ruses .  Eggs were incubated i n  t r e a t e d  water 
f o r  9  months. No na tu ra l  challenge with the  v i rus  occurred. 
S i g n i f i c a n t l y  g rea te r  mor ta l i ty  occurred i n  the  both t h e  ozone 
treatment group and the  UV group when compared t o  t h e  cont ro ls  taken 
during the  same time period.  Because of the  problems associa ted  with 
use of ozone, it was concluded t h a t  UV i s  the  p r e f e r e n t i a l  depurat ion 
t rea tment .  

KEY WORDS: sockeye salmon, Oncorhynchus nerka, ozone, u l t r a v i o l e t  
i r r a d i a t i o n ,  depurat ion.  

INTRODUCTION 

Ozone, a  s t rong oxidizing agent ,  has been found t o  be e f f e c t i v e  i n  
des t ruc t ion  of b a c t e r i a l  and v i r a l  f i s h  pathogens (Wedemeyer and Nelson 
1977, Wedemeyer et &. 1978; Conrad et &. 1975; Colberg and Lingg 
1978). In phosphate-buffered d i s t i l l e d  water,  i n fec t ious  hematopoietic 
necros is  (IHN) v i rus  was inact iva ted  i n  30 seconds by a  r e s idua l  of 
0.01 mg/L (Wedemeyer et s. 1978). An app l i ca t ion  of 70 mg/h/L f o r  10 
minutes destroyed t h e  v i rus  i n  hard o r  s o f t  lake waters (9. G.) 
Ul t rav io le t  i r r a d i a t i o n  (UV), f requent ly  used as  a  bac te r i c ide ,  may be a  
promising means f o r  des t ruc t ion  of smaller  f i s h  pathogens (Burrows and 
Combs 1968). Ul t r av io le t  i s  a  mutagen which d i s t o r t s  DNA (Conn and 
Stumpf 1972). I t  has proved e f f e c t i v e  f o r  des t ruc t ion  of c e r t a i n  
protozoans and is  s a f e  t o  use on f i s h  a s  long as they a r e  not d i r e c t l y  
exposed (Giese 1967). Infec t ion  of f r y  with Myxosoma c e r e b r a l i s  was 
prevented by treatment of contaminated water with UV (Hoffman 1974). 
Both UV and ozone treatment may be valuable i n  f i s h  d isease  cont ro l  as  
they leave l i t t l e  o r  no res idua l s .  The ha l f  l i f e  of ozone is  about 15- 
25 min i n  aqueous systems but it can e x i s t  i n  t h e  a i r  f o r  long periods 
(Layton 1972). Coho salmon (Oncorhynchus k isutch)  reared i n  ozone- 
t r e a t e d  seawater have appeared t o  be h e a l t h i e r  and have l e s s  s c a l e  loss  
than those  reared i n  unt rea ted  water (Danielson 1975). 

The ob jec t ive  of t h i s  study was t o  determine t h e  ef fec t iveness  of t h e  
two treatments i n  con t ro l l ing  IHN v i rus  i n  hatchery reared sockeye 
(Oncorhynchus nerka) eggs and a lev ins .  When no n a t u r a l  challenge from 
IHNV was apparent,  we analyzed t h e  da ta  co l l ec ted  f o r  poss ib le  egg 
treatment mor ta l i ty  d i f f e rences .  This cooperative research included 
p a r t i c i p a t i o n  by Big Lake Hatchery personnel,  Anchorage Fish  Pathology 
Laboratory (AFPL) and t h e  National F i she r i e s  Research Center (NFRC) of 
t h e  U .  S .  Fish and Wildl i fe  Service,  S e a t t l e ,  Washington. 



MATERIALS AND METHODS 

Treatment Groups 

We divided sockeye salmon eggs, from Meadow Creek near Big Lake Hatchery 
(61'32' N ,  149'54' W), i n t o  th ree  groups. Two treatment groups were 
supplied with water t r e a t e d  by ozone and by UV r e spec t ive ly .  The t h i r d  
group, the  con t ro l ,  was supplied with unt rea ted  hatchery water .  Each 
group consis ted  of f i v e  McMullen-Zenger (MZ) incubators ,  seeded a t  a 
dens i ty  of approximately 100,100 sockeye salmon eggs per  box. We 
d i s in fec ted  a l l  eggs with an iodophor p r i o r  t o  seeding. 

Water 

For a l l  t h ree  groups, water was sand f i l t e r e d  before  use; water flow was 
88 gpm. A l l  eggs received formalin a t  4 ppm th ree  times a week. 

Ozone Generator 

We supplied the  ozone generator  (Model HCZF-18; Po l lu t ion  Control 
Indus t r i e s  Stanford, Conn.) with high p u r i t y  o i l - f r e e  compressed a i r  a t  
dewpoint of - 4 0 ' ~  ( a i r  compressor Model PS30; Pol lu t ion  Control 
I n d u s t r i e s ) .  Ozone generated was bubbled i n t o  t h e  water i n  an a s p i r a t o r  
column a t  the  depth of 1 .2  M .  The ozone l eve l  a t  the  top  of t h i s  column 
was adjusted t o  10 t o  50 ppb; the  water was exposed t o  t h i s  ozone l eve l  
f o r  approximately 1 min. After  t h e  water was ozonated, it was 
mechanically a g i t a t e d  with a i r  s tones t o  decrease r e s idua l  ozone l eve l s  
t o  l e s s  than 10 ppb a t  t h e  headbox. Any f r e e  ozone escaping from t h e  
a s p i r a t o r  column was exhausted out  t o  p ro tec t  hatchery personnel.  The 
experimental apparatus is  shown i n  Figure 1. 

Measurement of Ozone 

A i r  ozone l eve l s  may not exceed 100 ppb according t o  Occupational Safe ty  
and Health Association. Ozone measurements were taken with a Hach 
I I Direct  ~ e a d i n ~ "  Colorimeter . Periodic ozone measurements assured 
l e v e l s  of 10 t o  50 ppb a t  the  top  of the  a s p i r a t o r  column, and l eve l s  of 
10 ppb a t  the  headbox and i n  the  incubator e f f l u e n t .  Deaeration was 
es t ab l i shed  above t h e  headbox by adding more a i r  s tones  t o  t h e  water 
flow i n  an attempt t o  reduce any res idual  ozone l e v e l s .  The Hach k i t  
d i d  not accura te ly  measure ozone l eve l s  l e s s  than 10 ppb i n  water.  

U l t r a v i o l e t  I r r a d i a t o r  

Water p u r i f i c a t i o n  f o r  the  W treatment group was accomplished by 
passing a l l  of t h i s  group's incoming water through an 18-lamp UV 
i r r a d i a t o r  (S te ro l ine  water s t e r i l i z e r  Model PVC 18; Aquafine Corp. 
Los Angeles). This i r r a d i a t o r  can s t e r i l i z e  water flowing under t h e  
lamps a t  a r a t e  of up t o  490 lpm, q u i t e  adequate f o r  our 330 lpm water 
flow. Figure 2 i l l u s t r a t e s  the  water s t e r i l i z e r .  



Egg Picking 

During the first egg picking operations, one egg picker was used for all 
groups. Between the picking in each group, the picker was rinsed with 
water of the upcoming group (i.e. if UV eggs were to be picked, the 
machine was rinsed with W treated water beforehand). During egg 
picking operations, each group of eggs remained in their own treated 
water. 

Incubat ion 

Eggs were incubated with treated water for over 9 mo. Fry were 
enumerated by weighing methods. Water displacement was utilized for egg 
enumeration (f 0.7% error). 

RESULTS 

Survival for Individual Boxes 

Egg and emergent fry numbers for each incubation box are summarized in 
Tables 1 and 2. Survival from egg to emergent fry was greatest in the 
W group with 89 .O% followed by the controls at 88.2% and the ozone 
group at 78.6%. The dates of 50% emergence fell within a 7 d span from 
28 April 1977 to 4 May 1977. Significantly greater mortality occurred 
in the box nearest the influent than in the other boxes for all three 
groups (p ' 0.001). Mortality in the box nearest the effluent was 
significantly less only for the two treatment groups (p ' 0.001). These 
factors suggest ozone dosage may be the mortality differential factor. 
We performed statistical analyses using chi-square analysis. 

Mortality per Developmental Stage 

Eggs treated with ozone until eyeing showed the greatest mortality per 
developmental stage at 20.4% (Table 3). Conversely, the ozone group 
experienced the lowest mortality in the eyed egg to emergent fry stage 
(1.2%). The W groups showed the least mortality of all test groups in 
eggs up to eyed stage (4.0%). Percent mortality was slightly greater in 
W group (7.3%) than in controls (6.2%) from eyed eggs to emergent fry. 
Mortality in controls from seeding to eyed egg was significantly less 
than from eyed egg to emergent fry (p ' 0.001). Total mortality for all 
developmental stages was greatest with ozone treatment (21.4%) and 
least with W treatment (11.0%). Chi-square analyses (Table 4) 
revealed that the differences were significant (p ' 0.001). 



M o r t a l i t i t y  per  Egg Take Date 

Eggs were co l l ec ted  on f i v e  d i f f e r e n t  days. Egg mor ta l i ty  da ta  t o  
eyeing was divided i n t o  two groups based on egg take  da te .  The e a r l y  
egg t ake  group consis ted  of eggs taken from 8/15-8/18 and t h e  l a t e  group 
from 8/19-8/22. Chi-square analys is  was used t o  determine i f  t h e  egg 
take  da te  a f fec ted  the  mor ta l i ty  (Table 4 ) .  For treatment and contro l  
groups combined, mor ta l i ty  t o  eyed egg was s i g n i f i c a n t l y  higher i n  t h e  
l a t e  group (p ' 0.001).  Within t h e  cont ro l  group, mor ta l i ty  was g r e a t e r  
i n  eggs taken during the  l a t e r  period.  A l l  eggs i n  t h e  ozone treatment 
group were taken during the  l a t e r  period and a l l  i n  the  UV group were 
taken i n  the  e a r l i e r  period.  Analysis comparing each of t h e  treatment 
groups t o  the  cont ro l  eggs taken during t h e i r  r e spec t ive  periods 
revealed t h a t  mor ta l i ty  t o  eyeing was s i g n i f i c a n t  i n  each treatment 
group with it being more s u b s t a n t i a l l y  so  i n  the  ozone group. 

DISCUSSION 

Egg Mortal i ty 

The s i g n i f i c a n t  d i f ference  i n  mor ta l i ty  r e l a t i v e  t o  the  egg t ake  d a t e  
suggests t h a t  a  va r i ab le  such as water temperature may have played a 
p a r t .  Higher water temperatures increase  the  a c t i v i t y  of Saprolegnia. 
The Saprolegnia i n f e s t a t i o n  l eve l  was more profuse on t h e  eggs i n  t h e  
ozone group. I n i t i a l l y ,  it appeared t h a t  the  mor ta l i ty  r e l a t e d  t o  egg 
t ake  d a t e  may have p rec ip i t a t ed  s i g n i f i c a n t  d i f f e rences  but f u r t h e r  
analyses revealed t h a t  treatment group m o r t a l i t i e s  were higher 
regardless  of egg t ake  da te .  

High mor ta l i ty  i n  eggs t r e a t e d  with ozone u n t i l  they a r e  eyed suggests 
exceptional  s e n s i t i v i t y  t o  ozone during t h a t  period.  In  addi t ion ,  ozone 
concentrat ion may have been excessive during e a r l y  phases of t h e  
experiment. A bioassy run concurrently indica ted  t h a t  the  ozone l eve l s  
were not  t o x i c  (P  ' 0.01).  The DPD Chlorine (N, N-Diethyl-p-phenyl- 
enediamine) method modified f o r  ozone has an o v e r a l l  p rec i s ion  of 
approximately 0.12 ppm (American Public Health Association 1976). This 
may be too  l a rge  of a  concentrat ion f o r  long-term exposure. Under 
production condit ions using ozone treatment,  accurate measurement of 
1 ppb would be d e s i r a b l e  f o r  hatchery use. 

When compared with t h e  cont ro l  eggs taken during t h e  same per iod ,  a  
s l i g h t l y  higher mor ta l i ty  t o  eyeing was evident i n  t h e  W group. 
Apparently some s e n s i t i v i t y  t o  W i r r a d i a t i o n  i s  present  then as  well  a s  
during t h e  next s t a g e .  The eyed egg t o  emergent f r y  is  the  most 
c r i t i c a l  period f o r  exposure t o  UV. Mortal i ty during t h a t  s t age  is 
near ly  double t h a t  of the  previous s t age  f o r  t h e  W group. I f  mor ta l i ty  
during t h i s  c r i t i c a l  period could be reduced, e i t h e r  W o r  ozone 
treatment could be useful  i n  reducing morta l i ty  from IHN v i r u s .  



Toxicity to Humans 

The effects of ozone on humans varies from coughing and sneezing to 
nausea and death depending on the concentration and exposure. An ozone 
concentration of 0 .1  ppm is considered unsafe for continuous exposure of 
operating personnel (Layton 1972). People can detect the odor at 
approximately 0.02 to 0.05 ppm. Irritation of the nose and throat can 
occur at levels as low as 0.05 ppm. Ultraviolet irradiation leaves no 
residual and is not toxic but can be damaging to the eyes. 

Saprolegnia 

Hatchery personnel commented on the profuse growth of Saprolegnia in 
incubation boxes treated with ozone. Higher Saprolegnia levels in 
incubators treated with ozone may have been related to higher 
mortalities there. In contrast, other work suggests that ozone may 
control fungus on eggs by non-selective oxidation (Benoit 1966).  

Usefulness of Ozone and UV 

Ozone can be beneficial if the 20% mortality can be reduced in the 
seeding to eyed egg stage. Perhaps using lower doses initially will 
reduce these. In addition to being virucidal, ozone is bactericidal 
especially when combined with sonication (Burleson -- et al. 1975). It . 
could possibly be utilized in facilities where furunculosis is a 
problem. Other applications of ozone include treatment of hatchery 
effluent, oxidation of nitrogen compounds for recirculating systems and 
decolorization of malachite greenl. It nay also have considerable 
application in hatchery or wet lab disinfection of fish and 
microorganism containers. Ultraviolet irradiation can also be used for 
sterilization of water but turbidity and organic contents should be 
taken into consideration in establishing application rates. From this 
data, we conclude that between UV and ozone, UV is the depuration 
technique of choice because measuring difficulties, toxic fish effects, 
and human health problems are associated with ozone use. 
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Table 1. Egg and f r y  numbers dur ing  experimentat ion.  

I n i t i a l  Eggs a f t e r  Emergent 
Treatment Date eggs egg f i r s t  f r y  Date of 50% 

group Box c o l l e c t e d  number pick o f f  number emergence 

ozone 5A 8/19/76  93 ,900 82 ,937  77 ,778 4 /28 /77  

To ta l  No. 's  494,300 393,297 388,394 

UV 6K 8/16/76  100,100 96 ,674  82 ,016  

6 5  8 /15/76  100 ,100  93 ,812 87 ,883  

6 1 8/15/76  100,100 100,100 90 ,149  

6H 8/15/76  100,100 96 ,706 92 ,783  

6 G 8 /15/76  100,100 93 ,289 92 ,676  

To ta l  No. 's  500 ,500  480 ,581  445,507 

con t ro l  

To ta l  No 

~ ' 8 e ~ u e n c e  of water d e l i v e r y  is  from t h e  t o p  t o  t h e  bottom of t h e  
column wi th in  each group. 

b/weighing o r  counting e r r o r  



Table 2 .  Percent mortality in MZ boxes by developmental intervals. 

Percent Mortality 
MZ box within Seeding to Eyed egg to Seeding to 
treatment groups eyed egg emergent fry emer~ent fry 

Ozone 

5 A  
5 B 
5 C 

5 D 
5E  

c / Mean total- 2 0 . 4 3  1 . 3  2 1 . 4  

Mean total 

Control 
7 5  
7 1 
7H 
7G 
7F 

Mean Total 

"sequence of water delivery is from the top to the bottom of the 
colmun within each group. 

bl~ounting or weighing error. 

~'~ean total is the summation of mortality numbers in individual 
boxes within a treatment group. It is derived from integers in 
Table 1. 



Table 3 .  Total mortality in treatment and control groups during egg and 
fry development. 

Mortality occurring between seeding and emergent fry 

Emergent 

Treatment Mortality Percent - fry Seeding a/ 

group number mortality number density 

Ozone 
uv 
Cont ro 1 
Totals 

Mortality occurring between seeding and the eyed egg stage 

Number of 
Treatment Mortality Percent live eyed Seeding 

group number mortality eggs density 

Ozone 
uv 

b/ Control 1- 2 9 , 8 5 3  
Totals 1 5 0 , 7 7 5  

Mortality occurring between the eyed egg stage to emergent fry 

Emergent Number of 

Treatment Mortality Percent - fry live eyed c / 
group number Mort a1 ity number eggs 

Ozone 4 , 9 0 3  1 . 3  3 8 8 , 3 9 4  3 9 3 , 2 9 7  
UV 3 5 , 0 7 4  7 . 3  4 4 5 , 5 0 7  4 8 0 , 5 8 1  
Control 2  2 9 , 1 6 8  6 . 2  4 4 1 , 4 7 9  4 7 0 , 6 4 7  
Totals 6 9 , 1 4 5  5 . 1  1 , 2 7 5 , 3 8 0  1 , 3 4 4 , 5 2 5  

~'~ercent mortality = mortality/seeding density 

b/~ontrols are designated 1 and 2 because of slight difference in 
mortality during different phases of development. Designation is 
used for statistical analyses. 

"percent mortality = mortality/eyed egg 



Table 4. Chi-square (x2) tests at the 5% significance level for experimental treatment and control groups 
of eggs and fry. Mortality occurring between seeding and eyed eggs is used for analyses unless 
otherwise noted. 

Critical Degrees All 
levels of H 's accepted 

x (p=O .05)  
a 

Group freedom P 

a / 0zone:Control- 16,685.0 7.682 1 < O .  001 Ozone#Cont rol 
a / UV: Control- 161 .O 7.682 1 < O .  001 UV#Contro 1 

I Ear1y:Late egg take 80,126.4 7.682 1 <0.001 Early#l.at e 
F 
F 
I Ear1y:Late egg take 12,196.2 7.682 1 <0.001 EarlyxLate 

(control group only) 

0zone:Late egg take 9,723.7 7.682 1 < O .  001 OzonezLate 
control 

UV:Early egg take 
control 

alMortality occurring between seeding and emergent fry is used for analysis. 



Figure  1. The ozone t reatment  system. The ozone gene ra to r  is  v i s i b l e  
i n  t h e  upper l e f t  corner  of photograph ( X ) .  MZ boxes a r e  
r e a d i l y  v i s i b l e  i n  foreground. The arrow shows a po r t ion  
of t h e  headbox. 



Figure 2 .  The u l t r a v i o l e t  water s t e r i l i z e r  i n  i t s  opera t ing  pos i t ion .  



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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